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This inversion relates to catalyst suitable foM^^ 

The catalyst can be used m an ^l^r xhe dl^^^^ of polyolefins produced so as to obtain 

method of controlling the 7^<>^~'^;^f 4CS°Ui|hfan^^^^^^ The Invention particularly relates 

molecular weight polyolefins of f "t™"«f„7°'S'e LiX^^^^ system. The molecular weight control 
addition of controlled amounts of hydr^^ento fLdJSon nsoluble catalyst system comprising the 
was described as useful in combination wrth « 7°;°^^ ;°"vb yiB. and VIII with an organometallic 
Reaction product of a impound of a metal 0 G^^^^^^ 

rrrSsrustoiS^^^^^^^^^^ ^'^^ -"'^^ 

product viscosity. . ^♦oiinrpnps such as bislcyclopentadienyl) titanium or zirconiurn 

dlal^l^n^iS-r^^^^ 

-'^»a»cl«on .eos aes discloses .e^e of a ^tiS^^^d ^^^^^^^ 

ethylene consisting of W« <<=y'^'°K,tdilLses retM^ 

German Patent Applic8t|on 2.608,933 "^'^ ^^^^^^^^^^^^^^ wherein n stands for a number 

SSatgTo7ir4?vTr^^^^^^ 

alkyi, an aluminum trialkyl ^°*=«^'y^tj"^ J^^^^ 

European Patent Appin No- 0035242 dwclMes a pro^^^^ compound of the 

polymers in the presence of f halogen-free Zieglerwtaly« w v ^^^^^.ji^^ ^^tal. especially 

formula (cyclopentadienyl)„MeY.-„ ^"^^^ 'f^,"^J'SaHra7lcyl g^^^^^ or a radical having the following 

^'•^'Tgrab^^la?^^^^^^^ the polymerization process employing the homogeneous catalyst 

sysJm is also hydrogen sensitive |°;;.'"?,«°"Jf;j!;^^^^^^ system, is their extremely high 
^ An advantage of the "^clopentad^ny -r^eta^^^^^^^^^^ 

35 activityforethylenepolymenzation Another^^^^ unsaturation is present m 

in the presence of conventional heterogeneous aegier c^a y^^^ The use of hydrogen for molecular 

polyme'^ produced in the P^?=«";=« since the terminal 

^a— o™e«^^^^^^^ 
M the olefin polymers. that relativelv low molecular weight polymer products are obtained 

OMratIng oora •nd dteteasinj ''^'V''? ranlvsts v»hk* ewi M usrtully emplwd lo 

It »luld be WsWy d.*aW, » P™'2od °ri^"v enS^ ter,p..«u™. .nd tt b. 

:s?r»MMfi°sr»»" p"5- '~'«"« » 

unsaturation. »„ai«ht nf nnlvmer Droduct can be controlled by the judicious 

to molecular weight and density. „„,„„-ri„tion of ethylene and alpha-olefins to polyethylene 

The catalysts usefully employed for the poj^men ,^ combination with 

homopolyolefins and copolyethylene- alpha-olefin^c^^^^^^^^ ^^^^.^^ organometallic 

« S= c^STpors'S^arrX^^^^^^^ Of a Group 4b. 5b and Sb metal of the 
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Periodic Table and include mono, di and tricyclopentadienyl and th«rderivatives f J J';;^^q7;^^^^^ 
meSlocenes include those represented by the ^;^;^^J^^%^^ i£\ef&;iS^:,'tter 
R".(C.R'J.MeQ' where n Me is a Group 4b "^^^.J JJf'f ' Jfg ™ ^ or substituted 

Company's Handbook of Chem^ry & P^vs.c=, 4^h edU.^^^^^ s hydrogen or a hydrocarbyl radical such as 
5 cyclopentadienyl. each R', which car, be the same d'fferent s "yaroge y ^^^^^ 
^kyl. alkenyl. aryl, alMa-yl. or arylalkyl rad.cal h^mg ^^^^^^ SdlSahL dTaS germanium or silicone, or a 

joined together to forrn a ^^Zf^a ^^^' ?£.gs Q is a hydrocarbon radical such as aryl, alkyi, 
alkyi phosphine or amine radical br dging two «CsR m) rings, u 's a y ^^^^ 

alkenjl, alkylaryl. or arylalkyl radical havmg from ^J/^*^^^^^^ ?s 0 o 1 P is 0, 1 or 2; provided that 

" 2r:s^p isrrnTh;nts\'^^^^^^^^ 

^''Tat arrn^tilVt: tKleL^SaH^^^^^^ on.e can use certain carbenes. These are the 
carbene represented by the formula 

CpaZr^CHa • P(C6Hs)2CH3 

and its derivative of the formula 

Cp^ ZrCHgCHlCHalC Ha 

and the carbene represented by the formula 

Cp2Ti=CH2-Al(CH3)2CI 

and the derivatives of this carbene 

Cp2Ti=CH2 AI(CH3)3* (CpaTiCHaja, 
Cp. TiCH2CH(CH3)C H2. CpaTI^CH, • AIR'"aa 

Wherein Cp is a cyclopentadienyl or substituted cyclopentadienyl radical, and R'" Is an alkyi, aryl or 
alkylaryl radical having from 1—18 carbon atoms. . ^ . 

T^e molecular weight of the polymer product can be further controlled by the ratio of alumoxana to 

comonomer content. ^r.^^t^H tnwarris catalvst systems and a catalytic process for the 

!&tive of the higher alpha-olefins are butene.1, hexene-1 and octene-1. , , . , 
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form of a moist solvent In an alternative method, the aluminum alkyl such as aluminum trimethyl can be 
desirably contacted with a hydrated salt such as hydrated copper sulfate. ^ ^ . ^ 

Preferably, the alumoxane is prepared in the presence of a hydrated copper sulfate. The method 
comprises treating a dilute solution of aluminum trimethyl in, for example, toluene, with copper sulfete 

5 represented by the general formula CuSO* • 5HaO. The ratio of copper sulfate to aluminum trimethyl is 
desirably about 1 mole of copper sulfate for 4 to 5 moles of aluminum trimethyl. The reaction is evidenced 
by the evolution of methane. . , ^. . .i. 

The new metallocene compounds usefully employed in accordance with this invention are the mono, 
bi and tricyclopentadienyl or substituted cyclopentadienyl metal compounds. The metallocenes are 

10 represented by the general formula 



Tormuia 

(C5R'm)pR".(C6R'„)MeQ3-p, R".{C5R'j2MeQ' 



or a derivative thereof as specified above. . ^ , u i 

75 Exemplary hydrocarbyl radicals are methyl, ethyl, propyl, butyl, amyl, isoamyl, hexo, isobutyl, heptyl, 
octyl, nonyl, dicyl, cetyl, 2-ethylhexyl and phenyl. 

Exemplary alkylene radicals are methylene, ethylene and propylene. 

Exemplary halogen atoms include chlorine, bromine and iodine and of these halogen atoms, chlonne 
is preferred. 

20 Exemplary of the alkyi'dene radicals is methylidene, ethylidene and propylidene. 

Of the metallocenes, zirconocenes and titanocenes are most preferred. Illustrative but non-limiting 
examples of these metallocenes which can be usefully employed in accordance with this invention are 
monocyclopentadienyl titanocenes such as pentamethylcyclopentadienyl titanium trichloride; substituted 
bis(Cp)Ti{lV) compounds such as bis{indenyl)Ti diphenyl or dichloride, bis(methylcyclopentadienyl)Ti 

25 diphenyl or dihalides and other dihalide complexes; dialkyi, trialkyl. tetra-alkyl and penta-alkyi cyclopenta- 
dienyl titanium compounds such as bis(1,2 - dimethylcyclopentadienyOTi diphenyl or dichloride, bis{l,2 • 
diethylcyclopentadienyDTi diphenyl or dichloride and other dihalide complexes; silicone, phosphine, 
amine or carbon bridged cyclopentadiene complexes, such as dimethyl silyldlcyclopentadienyl titanium 
diphenyl or dichloride, methyl phosphine dicyclopentadienyl titanium diphenyl or dichloride, methylene- 

30 dicyclopentadienyl titanium diphenyl or dichloride, ethylene bis (4,5,6,7 - tetrahydroindenyOtitanium 
dichloride and other dihalide complexes. . ^ , 

Illustrative but non-limiting examples of the zirconocenes which can be usefully employed In 
accordance with this invention are pentamethylcyclopentadienyl zirconium trichloride, the alkyl substituted 
cyclopentadienes, such as bis(ethyl cycIopentadienyDzirconium dimethyl, bisO - phenylpropylcyclopenta- 

35 dienyDzirconlum dimethyl, bis(methylcyclopentadienyl)zirconium dimethyl, and dihalide complexes of the 
above; di-allcyl» tri-alkyi, tetra-alkyi, and penta-alkyi cyclopentadienes, such as bis(tetramethylcyclopenta- 
dienyOzirconium dimethyl, bis(pentamethylcyclopentadienyl)zirconium dimethyl, bis{l,2 - dlmethylcyclo- 
pentadienyDzirconlum dimethyl, bis(1,3 • diethylcyclopentadienyDzirconium dimethyl and dihalide 
complexes of the above; silicone, phosphorus, and carbon bridged cyclopentadiene complexes such as 

40 dimethylsilyidlcyclopentadienyl zirconium dimethyl or dihalide and methylphosphine dicyclopentadienyl 
zirconium dimethyl or dihalide, and methylene dicyclopentadienyl zirconium dimethyl or dihalide. 

The ratio of aluminum in the alumoxane to total metal In the metallocene or carbene can be in the 
range of 0.5:1 to 10,000:1, and preferably 5:1 to 1000:1. 

The solvents used in the preparation of the catalyst system are inert hydrocarbons, in particular a 

45 hydrocarbon that is inert with respect to the catalyst system. Such solvents are well known and include, for 
example, Isobutane, butane, pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane, toluene 
and xylene. 

As a further control and refinement of polymer molecular weight, one can vary the concentration 
alumoxane. Higher concentrations of alumoxane In the catalyst system results In higher polymer product 

so molecular weight. 

Since, in accordance with this invention, one can produce high viscosity polymer product at relatively 
high temperature, temperature does not constitute a limiting parameter as with the prior art metallocene/ 
alumoxane catalyst. The catalyst systems described herein, therefore, are suitable for the polymerization of 
olefins in solution, slurry or gas phase polymerizations and over a wide range of temperatures and 
s$ pressures. For example, such temperatures may be in the range of -60X to 280X and especially in the 
range of 50*C to 160**C. The pressures employed in the process of the present invention are those well 
known for, for example, in the range of about 1 to about 500 atmospheres (99.3 to 49644 kPa) and greater. 

In a solution phase polymerization the alumoxane is preferably dissolved in a suitable solvent, typically 
in inert hydrocarbon solvent such as toluene and xylene In molar ratios of about 5x10"'M. However 
60 greater or lesser amounts can be used. 

The soluble metallocenes can be converted to supported heterogeneous catalysts by depositing said 
metallocenes on typical catalyst supports such as, for example, silica, alumina, and polyethylene. The solid 
catalysts in combination with an alumoxane can be usefully employed in slurry and gas phase olefin 
polymerizations. 

€5 After polymerization and deactivation of the catalyst, the product polymer can be recovered by 
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Weight Distribution (EP-A— 128 045). ,„„«„tinn are caoabie of being fabricated into a 

^ poW.n.» produce. J, ^P^-^J^X^^-^^^ 

moc GPC (Gel Permeation ChromatographY). ^l^^rrGpc runs were performed at 145X n TCB at i.& 
SK^l-. „^ ,„ ,he «ow,n, manner: , 

55 150C. 

--.t,„V3rfp.«:..v»^^^ 

rmo"Lub?weighi distribution of 3.S. 
-Tn,.l«a«.»«e-p.e»u.,^^^ 
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^^'Examp^6-8 were performed as Example li except that 0.2 mg of metallocenes as listed injable II 
and 9.0 cm' alumoxane were employed giving an Al/Zr of 8x10». The results are summanzed in Table II. 



TABLE I 







Substituted cyclopentadlene (Cp) ligand effects 






Example 


Catalyst*- 


Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 


10 


1 


CpaZrCIa 


140,000 


39,500 


3.5 


252 




2 


(MeCp)2ZrCl2 


212,000 


55,900 


3.8 


HO/ 


IS 


3 


(EtCplaZrCIs 


171,000 


44,700 


3.8 


306 




4 


(B-PP-CplaZrCIa**- 


282,000 


78,200 


3.6 


335 




5 


(MesCplaZrCIa 


63,000 


13,200 


4.7 


71 


20 


••Al/Zr=24,000 
b-pps phenyl propyl 










25 






TABLE II 










Example 


Catalyst"* 


Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 


30 


6 


(MesCplaZrClz 


47,300 


13,200 


3.6 


142 




7 


(MeCp)2ZrCl2 


180,000 


48,300 


3.7 


278 


35 


8 


(EtCp)2ZrCl2 


184,000 


50,000 


3.7 


281 



•-Al/Zr=8,000 

The physical properties of a polyethylene are largely determined by the polymer molecular weight and 
40 the polymer density. The previous examples have demonstrated that through the ligand effect, one can 
control the molecular weight of polyethylenes. The following examples demonstrate that through the same 
ligand effects, one can control the polymer density in copolymers such as ethylene copolymers. In addition, 
the control of polymer density in the following examples is demonstrated at fixed reaction conditions 
Indicating that density control Is mediated by ligand effects on the catalyst reactivity ratios. 

45 

Example 9 (comparative) . 

A l-liter stainless steel pressure vessel, equipped with an Incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogen flow. 400 cm' of dry, degassed toluene was introduced 

so directly into the pressure vessel. 10.0 cm' of alumoxane solution (0.8 moles in total aluminum) was injected 
into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
and 50X for 5 minutes at 0 psig (99.3 kPa) of nitrogen. 200 cm' of liquid propylene at 25'C was then added 
resulting in a pressure of 126.2 psig, (969.4 kPa) 0.113 mg of bis(cyclopentadienyl)zirconium dimethyl in 10 
ml of toluene was injected through the septum inlet into the vessel. Ethylene at 152.1 psig (1148 kPa) was 

SB admitted and the reaction vessel was maintained at 50X. The ethylene was passed into the vessel for 30 
minutes at which time the reaction was stopped by rapidly venting and cooling the reactor. 66.0 g of 
copolymer having an intrinsic viscosity of 0.74 was isolated which contained 31 mole % propylene. The 
density was 0.854 g/cm' at 23X. 



60 



65 



Example 10 . * i i, * 

A l-liter stainless steel pressure vessel, equipped with an incline blade stirrer, an external water Jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogen flow. 400 cm' of dry, degassed toluene was introduced 
directly into the pressure vessel. 10.0 cm' of alumoxane solution (0.8 moles in total aluminum) was injected 
into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
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• . . A OCA M//*m^ 9^ t^3^C 



density was 0.854 g/cm* at 23"C. 



70 



"^TJfntVr stainless steel pressure vessel, equipped wij^^^^^^^^ 

fort^mpSe control, a septum inlet and ve^^^^^^^^^^ to%TS^£, C^seJlo^-^ne was Introduced 
was dried and deoxygenated with a nitrogen 7" .."T ,^ 

rrectlv into the pressure vessel. 10.0 cm' of ^^"^^''^"""'Sand Se miXe was stirred at 1,200 rpms 
fnto?he vSsel by a gas tight ^;i"9! *~"f propylene at 25'C was then added 

and 50^ for 5 minutes at 0 psig (99.3 kPa) f '1«'^°9«"- /"^ w=(Dentamethylcyclopentadienyl)zirconium 
?esult^g in a pressure of 126.2 psig (969.4kPa) 0 417 '^^^'^P^" Vessel. Ethylene at 151.5 ps.g 

3U.0 9 ^ !i^„eit« lA/flfi 0.934 a/cm' at 23X. 



40 



formula 

Cp2Zr=CH2P(CsH5)2CH3 

30 and Its derivative of the formula 

CPa ZrCHaCH{CH»)C H2 

and the carbene represented by the formula 
^ Cp2TI=CH2Al(CH,)2CI 

and the derivatives of this carbene 

Cp2Ti=CH2 AI(CH3)3, (Cp2TiCH2)2. 
Cp» TiCH2CH(CH3)C H2, Cp2Ti=CH2 • AIR'-'sO. 

IC.R' JpR".(C5R'«)MeQ3-p or R".{CsR'„)2MeQ'. 
.Herein Me isaGroup4b,5bor^.etaUC.^^^^^^^^^^^^ 

afkylene radical, a dialkyl germanium o/ Sar^l^ff\. alkenyl, alkylaryl or arylalkyl radical 

(C,R'„) rings, each Q which can be ^^^^ ?^"l"^,'*J°Snden rascal having from 1 to 20 carbon atoms, 
having from 1 to 20 carbon atoms or ha>?9en' ^1 's an aiic^iae^ s is 1 ; m is 5 when s is 0; and that at 
s is olr 1, p is 0, 1 or 2; provided that s is 0 ^i*^" P °' ^^1 ra^^^^ or halogen and (b) an alumoxane. 
feast one R' is a hydrocarbyl radical when s=0 and Q «"^'^^™Sne and R' is methyl, ethyl or butyl. 
2. A catalyst according to claim 1 therein vvhen p is u, u . ^ ^adienyl) titanium diphenyl, 
I. A catalyst according to clajm 1 whe^^^^^^^^ bichloride, bis(ethylcyc 0- 

bXa«)^^^^^^ o?Senf a.5,l7 - tetrahydrolndenyl, titanium 
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carbon atoms per molecule. 

CpaZr^CHzPlCfiHsjaCHa 



10 und sein Derivat der Formel 



CpaZrOj^HlCHaJJHa' 



und das Carben der Forme! 
15 CpjTi^CHa-AKCHajaCI 

und die Derivate dieses Carbons 

20 



Cp2Ti=CH2-AUCH3)3, {Cp2TiCH2)2, 
CD, TiCH2CH(CH3)C H2, Cp2Ti=CH2 • AIR'^CI, 

(CsR' JpR".(CsR' JMeQ3-p Oder R".(C.R'm),MeQ' 

30 SSpSntedienylrest ist, jeder Rest B/. der gleu:h ^^JJJJ^^^^ ist oder «vei R'-Subst.tuenten 

Stenvl-. Ar/I-. Alkylaryl- oder Arylallcylrest m'* 1 ^'S 20 Alkylenrest. ein Dialkylgermamum ode 

zuSmmen einen kondensierten C.-Cs-R<ng bilden R 9'"^* ^"^iteinander verbindet, ist, jeder Rest 

ist und daB mindestens ein Rest H em nyw 

Halogenatom ist und (b) ein Alumoxan. ^^j^^, ^^^^ , .^^ 

2 Katalvsator nach Anspruch 1. wonn, P ° (arbistCyd - Titandiphenyl, 

«> ?■ Katet/sator nach Anspruch 1, worin die Verbindung la) DI8»^««P^^^^^^^^ bis(Ethylcyclo- 

pentadienyl) - Zirkoniumdichlond, - Pheny P o^^^^^^ _ cyclopentadlenyl) - Zirlcon.urnd.methyl, 

50 Kohienstoffatomen pro Molelcul ist. 
Revendications 

catalyseur apte . .tre utilisi pour .a polymerisation d'une olefin, comprenant (a) le carbine 
55 reprisente par la formule 

CpgZr^CHaPJCeHJaCHa 

et son derive de formule 
60 Cpa ZrCHgCHlCHalC Ha et 

te carbene repr§sent§ par la formule 

Cp2Ti=CH2-AI|CH3)2CI 



65 
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et les d6riv6s de ce carbine, 

Cp2Ti=CH2 • AI(CH3)3, (CpzTiCHjla, 

5 Cp2 TiCH2CH(CH3)C H2, Cp2Ti=CH2 • AIR^'aCI, 

ou Cp est un radical cyclopentadi6nyie ou cyclopentadienyle substitue, et R'" est un radical alkyle, aryle ou 
alkylaryle ayant 1 a 18 atomes de carbone; ou un compos6 de formula 

10 {C5R'm)pR".ICsR'm)MeQ3-p ou R".(C5R'n,)aMeQ', 

dans laquelle Me est un m6tai du Groupe 4b, 5b et 6b, (CsR'm) est un radical cyclopentadienyle ou 
cyclopentadi6nyle substitu6, chacun des R' qui peuvent dtre identiques ou d»ff6rents represente 
I'hydrogfene, un radical alkyle, alcenyle, aryle, alkylaryle ou arylalkyie ayant 1 h 20 atomes de carbone ou 

IS bien deux substituants R' forment ensemble un noyau condens6 en C4 h Ce, R" est un radical alkylene en Ci 
h C4, un dialkylgermanium ou une silicone ou un radical alkylphosphine ou amine pontant deux noyaux 
(CsR' ) chacun des Q qui peuvent §tre identiques ou differents est un radical aryle, alkyle, alc6nyle, 
• alkylaryle ou arylalkyie ayant 1 k 20 atomes de carbone ou un halogene, Q' est un radical ajkyhd6ne ayant 1 
d 20 atomes de carbone, s a la valeur 0 ou 1 , p a la valeur 0, 1 ou 2; sous reserve que 5 soit 6ga h 0 lorsquep 

20 est 6gal h 0; que m soit egal a 4 iorsque 5 est egal 6 1 ; que m soit §gal d 5 lorsque s est 6gal S 0; et qu au 
moins run des R' soit un radical hydrocarbyle lorsque 5 est ^gal & 0 et Q est un radical alkyle ou un 
halogene, et (b) un alumoxane. ^ , , , 

2. Catalyseur suivant la revendication 1, dans lequel p est ^gal S 0, Q est le chlore et R' est un radical 

25 '"^^3^'catalv^^^ revendication 1, dans lequel le compose (a) est le bis(cyclopentadienyl)titane- 

diphenyle, le blsteyclopentadienyDTi-CH^AKCHajaCI, le dichlorure le bis(methylcyclopentadienyl - 
zirconium, ie dichlorure de bis(ethylcyclopentadienyl)zlrconium, le dichlorure de bis(P - phenylpropyl- 
cyclopentadi^nyDzirconium, le dichlorure de bls(pentamethyIcyclopentadi6nyl)zirconium, le bis(tetra- 
methylcyclopentadlenyDzirconium - dim^thyle, le bls(6thylcyclopentadi§nYl)zirconium - dim6thyle ou le 

30 dichlorure d'6thylene - bis(4,5,6,7 - titrahydro - ind6nyl)titane. , ^ . 

4. Procede de polymerisation d'une ou plusieurs ol^fines. qui consiste h conduire la polymdnsation en 
presence d'un catalyseur suivant Tune quelconque des revendications 1^3. 

5. Proc6d6 suivant la revendication 4, dans lequel Tolefine est I'ethylene ou une alpha-ol6fine ayant 3 d 
8 atomes de carbone par molecule. 

35 
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